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[57] ABSTRACT 

A mobile telecommunications network having an integrated 
wireless oflBce system is disclosed. A wireless ofl5ce system 
is integrated into both a private telephony network (PTU) 
and a public land mobile network (PLMN) which includes 
a pubhc cellular system. The wireless office system provides 
mobile service to corporate mobile terminals (CMTs) that 
are part of a corporate group of terminals of the FTN. The 
CMTs of the wireless office system appear to the PTN as 
normal fixed extension terminals and FFN internal features 
such as call back, caller identification and operator assis- 
tance may be used at the CMTs. 

25 Claims, 6 Drawing Sheets 
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MOBILE TELECOMMUNICATIONS 
NETWORK HAVING INTEGRATED 
WIRELESS OFFICE SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of ihe lovenlion 

This invention relates to mobile telecommuDications sys- 
tems and, more particularly, to a system for integrating a 
private mobile telecommunications system into a public 
mobile telecommunications network. 

2. History of the Prior Art 

Recent advances in mobile telecommunications have 
resulted in a variety of services that may be provided to a 
mobile subscriber. These services include both private ser- 
vices usually provided within a business environment for 
private mobile subscribers and public services provided 
through a public land mobile network for public mobile 
subscribers. Both private and public mobile service may be 
provided on a cellular basis, with mobile subscribers being 
allowed to roam between the coverage areas of different base 
stations of each of the private and public systems. 

Private mobile service is typically provided through a 
private mobile telephony network that is implemented using 
a private cordless system standard such as the Cordless 
Telephone Standard 2 (Cr-2) or, the digital European Cord- 
less Telephone Standard (DECT). Private telephony net- 
works are either provided as stand alone systems or, con- 
nected to a fixed telephony network. The private mobile 
telephony network is commonly used to provide mobile 
service within a single building or office complex of a 
business. 

Public mobile service is typically provided through a 
cellular telecommunication network implemented using one 
of the common cellular systems standards such as the 
Advanced Mobile Phone Service (AMPS) System Standard, 
the lS-54Time Division Multiple Access (TDMA) Standard, 
or the European Groupe Speciale Mobile (GSM) Standard. 

The demand for public cellular telecommunication net- 
works to also support indoor or office locations, such as 
those supported by a private telephony network, has grown 
the last few years. This demand however, has been largely 
unsatisfied even though several types of solutions have been 
implemented in the industry. 

A solution using public cellular networks together with 
private telephony networks that are provided as stand alone 
or, are connected to a fixed private telephony network, does 
not allow roaming between the private network and public 
network. A solution of this type using private cordless 
systems within indoor and office locations is therefore not 
able to provide mobile service with roaming in a public 
cellular network. A second type of solution has been devel- 
oped that provides service through a public cellular system 
having indoor coverage and a customized intelligent net- 
work service for corporate groups subscribing to the public 
cellular system. This allows mobile subscribers to use the 
same mobile station when operating in cither the corporate 
environment or the public network. This service, however, is 
still a public service provided by the cellular system and, the 
indoor network is under the control of the cellular system 
operator. Also, in this type of solution, there may be poor 
integration of the corporate services into the public cellular 
system. For example, the presentation of a corporate exten- 
sion number at a mobile station as a dialed number 
(A-number) may not be possible. Desktop and mobile sta- 
lioas will also belong to different networks and may provide 
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different services, causing confusion for users. Additionally, 
corporate management systems for monitoring and tracking 
will not have the ability to trace and monitor calls that 
involve members of the corporate group using a mobile 
5 station. 

A third type of solution uses dual mode mobile stations, 
e.g., a mobile station capable of operating in both a GSM or 
DECT system. This type of solution overcomes some of the 
drawbacks with the previously mentioned solutions. 
10 However, a dual mode mobile station user will be provided 
a different set of services when using the DECT system than 
then operating on the public cellular system. Also, private to 
public system seamless handover is not possible and dual 
mobile stations are complex and, therefore more expensive. 

15 

SUMMARY OF THE INVENTION 

The present invention provides a wireless office system 
that is integrated into both a private telephony network 

2Q (PTN) and a public land mobile network(PLMN) that 
includes a public cellular system. The wireless office system 
provides mobile service to corporate mobile terminals 
(CMTs) that may be part of a corporate group of terminals 
of the FI^. Ilie corporate group may also include fixed 

2^ terminals (FTs) of the PTN, The CMTs of the wireless office 
system appear to the PTN as normal fixed extension termi- 
nals. PTN intemal features such as call back, caller identi- 
fication (A-number presentation) and operator assistance 
may be used at the CMTs, CMTs may also roam throughout 

3Q the service area of the PLMN that is outside the coverage 
area of the wireless office system but covered by the public 
cellular system using one mobile station. 

In an embodiment of the invention, a wireless office 
gateway(WO Gateway) provides the interfaces between the 

35 wireless office system and the PLMN and PTN. This 
embodiment allows CMTs of the wireless office system to 
roam in the public cellular network. 'Ilie WO Gateway 
communicates with the PTN, and appears to the PTN, as a 
PTN node, i.e., private branch exchange(PBX), or as an 

40 integrated services digital network primary rate interface 
(ISDN PRl)terminal. A corporate group that includes CMTs 
is assigned a private nuinbering plan (PNP) within the PTN 
numbering plan. Within the PNP a personal number (PN) is 
allocated to each of the CMTs. The corporate group PNP 

45 may also include a personal number for fixed terminals. The 
WO Gateway is allocated a PNP number series that includes 
the personal numbers of each of the CMTs of the corporate 
group. WO Gateway also communicates with the public 
cellular system of the PLMN. Support for communications 

50 between the public cellular system and WO Gateway is 
provided by a service control point(SCP)included in the 
home location register (HLR) of the PLMN. The SCP 
includes a function that converts the PN of a CMT to a 
mobile identification number (MIN) of the CMT for use 

55 within the HLR. Ail calls involving a CMT are routed via the 
PTN using the PNP. 

Calls from a public user of the PSTN or public cellular 
system made to a CMT of the PTN corporate group arc 
routed via an external Hnc of the PTN and then internally in 

60 the PTN to the WO Gateway. Calls from fixed deskphones 
of the PTN to a CMT are routed internally in the PTN to the 
WO Gateway, and then to the CMT When a call to a CMT 
is originated from a CMT operating in the wireless office 
system, WO Gateway routes the call to the PTN and, 

65 transfers the dialed number for routing internally through the 
FfN. When a call is made to a CMT roaming in the PLMN 
outside the coverage area of the wireless office system from 
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the public cellular system, a service control function (SCF) 
within the SCP converts the PN to a destination terminating 
in the PTN. The PLMN then routes the call to the PTN 
through the PSTN. The call is then routed to the WO 
Gateway internally through the PTN. WO Gateway then 5 
inquires the HLR of the PLMN as to the location of the 
called CMT. Acall may be made to public users of the PSTN 
or public cellular system from a CMT by dialing a prefix. 

In another embodiment of the invention, a trunk line is 
implemented between the mobile services center (MSG) of 1° 
the PLMN and the WO Gateway. This embodiment supports 
handover of ongoing calls between cells of the wireless 
office system and the public cellular system of the PLMN. 
The embodiment also allows a CMT to use services of the 
PTN in the public cellular system. In this embodiment, calls 35 
between a CMT in the public cellular system and a CMT in 
the wireless oflSce system are routed directly over the WO 
Gateway rather than through the PSTN. Also, CMTs roam- 
ing in the PLMN may request an external line connection 
over the trunk line to the PTN to call a public subscriber 20 
through the PTN. 

In still another embodiment of the invention, the WO 
Gateway also supports computer supported telephony(CST) 
functions, such as screening based on the calling number 
(A-number), location dependant call forwarding, and per- 
sonal call diversion schemes, within the PTN. In this 
embodiment, WO Gateway supports both FTs and CMTs of 
the PTN. CST service is provided to PTN fixed extensions 
by allowing the fixed extensions to be registered as CMTs in 
the PLMN SCP database. Fixed extensions of the PTN are 
defined in the SCP as being constantly active in the location 
area controlled by a visitor location register (VLR) of the 
WO Gateway. The CST function allows a FT and a CMT to 



for example, an IS-54, AMPS or GSM system. Wireless 
office system 142 is implemented as a private wireless 
system that operates according to the same standard as 
public cellular system 140. Public cellular system 140 
includes gateway mobile services center (GMSC) 136, home 
location register/service control point (HLR/SCP) 110, 
mobile switching center (MSC) 112, base station (BS) 114 
and, mobile terminals (MT) 116, 118. Public cellular system 
140 may include more than one MSC, BS, GMSC or 
HLR/SCP, depending on the size of the system. Also, while 
HLR/SCP 110 is shown as a separate block, the HLR/SCP 
functions may be implemented into MSC 112 or into other 
MSCs of public cellular system 140. For the sake of clarity 
in describing embodiments of the invention when call rout- 
ing is described, it will be assumed that a mobile terminal is 
located in the coverage areas of BS 114. The embodiments 
described will function identically if a mobile terminal 
happens to be located in coverage areas of another MSC, BS, 
GMSC or HLR/SCR Wireless office system 142 includes 
wireless office (WO) gateway 124, radio access network 
(RAN) 126 and mobile terminals (MT) 120 and 122. PTN 
108 includes fixed extension telephones (FTs) 128 and 130, 
internal access interface (IntAcc) 152, external access inter- 
face (ExtAcc) 154, and, optional computer supported tele- 
phony access interface(CSTACC)158. IN 106 includes sub- 
scriber database 132 and service control point (SCP) 158. 

WO Gateway 124 includes functions that integrate wire- 
less office system 142, PTN 108 and public cellular system 
140 together, so that a mobile subscriber may obtain private 
30 telephony service from PTN 108 within wireless office 
system 142 yet, may also operate within public cellular 
system 140 using one mobile terminal and one subscriber 
number. WO Gateway 124 may be a software package 
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. . implemented in self-contained hardware or alternatively, 

be connected m an extension pair that is seen as one i^egrated within RAN 126. WO Gateway 124 interfaces 
termination point from both the PTN and PLMN. ^-^^ ^ if integrated within PTN 108. WO Gateway 

124 translates between the signaling system of PLMN 102 
which may be, for example, ANSI, SS7 or CCITT No. 7, and 
FIG. 1 is a schematic block diagram of a public telecom- the internal signaling system of PTN 108. Depending on the 
munications network into which the present invention is 40 type of FVN standards used, WO Gateway 124 either 
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implemented; 

FIG. 2 is a functional block level diagram of an embodi- 
ment of the invention that provides a basic call routing 
service; 

FIG. 3 is a functional block level diagram of an alternative 
embodiment of the invention shown in FIG. 2 that provides 
a direct trunk line connection between a public cellular 
system and a wireless office system; 

FIG. 4 is a functional block level diagram of an alternative 
embodiment of the invention shown in FIG. 2 that provides 
a computer supported telephony function; and, 

FIG. 5 comprising FIG. 5 A and FIG. 5B is a functional 
block level diagram of an alternative embodiment of the 
invention shown in FIG. 3 that provides an enhanced call 
routing feature. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, therein is shown a public 
telecommimications network 100 into which an embodiment 
of the invention is implemented. Telecommunications net- 
work 100 includes public switched telephone network 
(PSTN) 104, intelligent network (IN) 106. private fixed 
telephony network (PTN) 108 and PLMN 102. PLMN 102 



emulates a node of P'nsi 108 (i.e., a public branch exchange 
(PBX)) or, an integrated services digital network (ISDN) 
primary rate interface (PRI) terminal within PTN 108. 
A mobile terminal of wireless office system 142 may be 
45 assigned to a corporate group of ETN 108. The corporate 
group may contain both mobile terminals (CMTs) of wire- 
less office system 142 and FTs of PTN 108. A private 
numbering plan equivalent to the numbering plan used in 
PTN 108 for FT corporate groups is assigned to the coipo- 
50 rate group. Within the corporate group numbering plan, a 
personal number (PN) is allocated to each of the CMTs. WO 
Gateway 124 is then allocated a number series in the routing 
and numbering system of PTN 108. This number series 
contains the personal numbers of CMTs belonging to the 
55 corporate group. For CMTs, this PN is equivalent to the 
short number (extension) dialed for local calls within PTN 
108. For consistency purposes, hereafter when referring to 
the extension number of FTs within PTN 108 and the 
extension number of CMTs of wireless office system 142, 
60 the term PN will be used. 

Users of the Universal WO System of PTN 108 will 
appear to PTN 108 as a normal FT user. This allows the use 
of internal services and features of PTN 108, such as call 
back, caller identification (A-number presentation) and 




(V 



includes a public cellular system 140 and a wireless office 65 operator assistance. In addition, WO Gateway 124 has a 
system 142. Public cellular system 140 may be implemented routing function and includes a visitor location register 
as one of a number of different cellular system types such as, (VT^R) (not shown in FIG. 1). WO Gateway 124 interfaces 
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with lotAcc 152 of PTN 108 through interface Aand ExtAcc When a CMT located within cellular system 140 calls ibe 

154 of PTN 108 through interface B. and with cellular PN of another CMT of wireless office system 142 or the PN f i TiWi^ 

system 140 through interface C. of an FT of PTN 108, a service control function of HLR/SCP ^ 

Over interface C, communication between service control ^f cellular system 140j^nU convert the PN to a MIN 
point (SCP) of HLR/SCP 110 and WO Gateway 124 is 5 number. As an aUeraative, SCP 159 of IN 106 may perform QlrJ- - 

orovided throueh MSC 112 conversion. The MIN number will then be translated mto » 

rJ^ . , ^ . . , a roaming number in HLR which is a destination terminating 

The signahng between WO Gateway 124 and MSC 112 ^ ^ ^^^y ^ ^^^^ ^ ^^^^ 

over interface C may foUow any one of several weU known ^^^^^^ p^^^^ ^^^^ ^ 1^8 is an external 

industry standards for MSC to MSC signahng, for example, ^^^^^^y. ^^^^ ^ ^,1 ^^^^^ GMSC 

the TIAlS-41 standard for AMPS/D- AMPS or the European ^0 -^he call will then be routed back to WO Gateway 124 

Technical Standards Institute (ETSI) standard for GSM ^.^ 1^4 and PTN 108 and, then to wireless office 

MSC to MSC signaling may be used. ^^^^^^ 142 ^VO Gateway 124 then wiU send a request to 

Over interface B, WO Gateway 124 and PTN 108 support ^LR 110 for information on the location of the caUed CMT . 

an ISDN PRI interface emulating a local ISDN switch Q^gj. interface C. ]J^U< 

network termination (NT) function. An external access inter- ^^^^ ^ ^^^^ ^ ^^^^ ^^^^ ^ ^^^^^ ^^^.^ ^^^^ J^^ / J 

face (Extacc) 154 of PTN 108 handles the access of external ^^^^ ^^^^^^ 142 ^ p^^^ ^,3^^ of the PSTN 104 or a MT h t V'T 

networks to PTN 108. Through mterface B, CMTs m wire- ^ t^j-^ ^^^1^,^^ ^^^^^^ ^^^^^ from PTN 108 ^ 

less office system 142 may call mto PTN 108 as from any requested by dialing a prefix. Depending on the 

public telephony network. Vanous ISDN primary rate mler- ^^^^^^^ provided in PTN 108, a second dialtone may be used 

face communication standards may be used for commum- ^^^^^^ ^ procedure identical to an external caU from a 

cations over interface B. For example, in Europe the Euro- deskphone 

pean Computer Manufacturing Association (ECM^^ has j^^^^^i^g now to FIG. 2, therein is shown a functional 

detailed a European ISDN standard and, in North America ^^^^^ ^ embodiment of the invention shown in 

the American National Standards Institute (ANSI) and ^ embodiment the SCP used for PN to MIN 

BeUcore have also developed ISDN standards. The^ stan- ^ ^tbin HLR/SCP 110. The embodi- 

dards are based on the ISDN ITU I-senes and Q-senes ^^ent provides a basic routing fiinction within PLMN 102 for 

recommendations. involving a CMT of PTN 108. The basic routing 

WO Gateway 124 communicates with PTN 108 over function allows CMTs of wireless office system 142 to roam 

mterface A as a PTN node or as a ISDN PRI terminal, i.e., ^ ^^^^-^ ^y^l^^ ^^^^^^ 140 embodiment of FIG. 2. 

as an internal element of PTN 108. PTN Intra Access block interface C is used by WO Gateway 124 to make informa- 

(IntAcc) 152 of PTN 108 handles the internal access mto ^-^^ requests to HLR/SCP 110 and, for carrying control 

PTN 108. WO Gateway 124 may emulate either an internal ^-g^^j^ f^^^ j^^^. ^12 to RAN 126. Actual call voice traffic 

ISDN PRI terminal (TEl function) or a node (i.e., a PBX) between a CMT located in wireless office system 142 and a 

of PTN 108 using interface A. Vanous ISDN PRI and PTN roaming ^^^i^ ceUular system 140, are routed 

node-to-node communication standards may be used over through PSTN 108 and GMSC 136. WO Gateway 124 

interface A. For example, Q-signaling as specified for use in includes RAN link 216, Digital Subscriber Signaler a 

North Amenca by ANSI and Bellcore may be used. (DSSla) 218, ISDN data Unk layer protocols a (LAPDa) 

Besides the communication shown in FIG. 4, MSC 112 222. Call ControUer (call control) 220, visitor location 

also controls RAN 126 and radio equipment of RAN 126 register (VLR) 226, HLR Enquirer a (HLR enqa) 212 and 

through WO Gateway 124. VLR Enquirer a (VLR enqa) 210. HLR/SCP 110 includes 

WO Gateway 124 also communicates with SCP 158 of Service Controller Function (SCF) 202, home location reg- 

independent intelligent network (IN) 106. Communications ister (HLR) 206, HLR Enquirer c (HLR enqc) 228 and VLR 

between WO Gateway 124 and IN 106 are performed over Enquirer c (VLR enqc) 208. PTN 108 contains PTN Con- 
the signaling link of interface C via MSC 112, and may 45 troller (PTN Ctrl) 224, Digital Subscriber Signaler, b 

follow a standard such as TIA lS-41 (SCP) integrated in (DSSlb) 230 and ISDN data link layer protocol b (LAPqb) 

PLMN (AMPS/D-AMPS) or the CCITT No. 7 protocol 232. 

intelligent network application part (INAP). ^ described above, all calls involving CMTs are routed 

In the embodiment shown in FIG. 1, all calls involving a through PTN 108. RAN link 216 processes calls involving 
CMT operating in the wireless office system are routed via 50 CMTs that originate in RAN 126 of FIG. 1 by uncondition- 

PTN 108. This routing feature allows a CMT operating in routing the call and transparently transferring the dialed 

the wireless office system to obtain services identical to number to PTN 108 through DSSla 218 and DSSlb 230. 

those offered at FIs of FIT^ 108. For calls to a CMT terminating in RAN 126, RAN link 216 

Calls from public users of PSTN 104 or public MTs of performs call setup to the mobile subscriber indicated by a 
cellular system 140 to CMTs are routed via an external line 55 roaming number received from call control 220. DSSla 218 

to PTN 108 and then internally through WO Gateway 124 to and LAPDa 222 may emulate either an ISDN PRI terminal 

the corporate mobile. Calls from FTs of PTN 108 to CMTs or a node of PTN 108. Call control 220 processes call 

will be routed internally within PTN 108 to WO Gateway requests received via PTN 108 through DSSla 218 and 

124 and then to the CMT. DSSlb 230 that terminate with a CMT. VLR 226 includes 
. When a CMT within wireless office system 142 originates 60 the visitor's database for mobile subscribers of public cel- 

1 yvi ]^} ^ ^° ^ °^ another CMT within lular system 140 roaming within wireless office system 142. \jL^^ 

Iti) wireless office system 142, WO Gateway 124 will uncon- HLR enqa 212 handles communications with HLR/SCF 110 \ji (L 

* ditionally route the call to the PTN 108 and also traospar- through HLR enqc 220 for determination of the roaming Kl-' 

ently transfer the dialed number, thus guaranteeing routing number of a terminating CMT using a lower layer transfer 
via KI'N 108. This is possible because the numbering plan of 65 protocol. VLR enqa 210 handles communication with HLR/ 

PTN 108 and the corporate group numbering plan are SCF 110 through VLR enqc 208 for controlling mobility 

identical. management of CMTs located within wireless office system 
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142. RAN 126 includes functional entities that perform all 
functions required for control and routing within the wire- 
less ofl5ce system 142. 

Call setup messages from MSC 112 to WO Gateway 124 
over interface C for calls to a requiring a trafiSc path 
via PTN 108, and caU setup'messages from PTN 108 to WO 
Gateway 124 over interface A requiring a call setup to a 
CMT in PLMN 102, both are directed'to a PN. To distin- 
guish between the two types of calls, a call control function 
within WO Gateway 124 adds a called network element 
(CNE) indicating that the call is directed toward PTN 108 or 
toward PLMN 102. The called network element is added to 
the call setup record. For example, if the call is requested 
over interface C, the CNE indicates PTN 108 as the called 
network and, if requested oyer interface A, the CNE indi- 
cates PJ ,iVlN *he gfl llfrri nptworlf 

The PN is the only number used within WO Gateway 124^^ 
and PTN 108 to identify a CMT. Within public cellular 
system 140» when WO Gateway 124 requests information 
through VLR enqa 210 on the location of a CMT from 
HLR/SCP 110 using a PN, SCF 202 converts the PN to the 
MIN of the CMT A wireless office, system internal num- 
bering plan (WONP) is used for the conversion. 

The routing feature of the embodiment of FIG. 2 in which 
all calls involving a CMT are routed via PTN 108, can be 



5) If the dialed number is the PN of a second CMT, PTN 
108 routes the call (with the PN number of the second CMT 
as the B-number) back to WO Gateway 124. 

6) As the call is routed back to WO Gateway 124 over 
5 interface A, WO Gateway 124 Call ConU-ol 220 sets the 

called network identityjo_PLMN 102. 

7) Call control 220 inquires HLR 206 through I ILR enqa 
212 and HLR enqb 208 using the second CMT's PN number 
as the B-numben Since the call is originated by a CMT, HLR 

10 determines that the called B-number shall be retrieved by 
SCF. SCF then retrieves the terminating point from the PNP 
database using the PN as the key. A roaming number for the 
second CMT is then retrieved from HLR 206 and returned 
lo WO Gateway 124 through HLR enqc 228 and HLR enqa 
15 212. 

7) Because the second CMT is located within wireless 
office system 142, the roaming number terminates in RAN 
126. 

8) Call control 220 completes the call to the second CMT 
20 through RAN link 216. 

Case 3: Call from either a CMT roaming in public cellular 
system 140, or a public mobile terminal (PMT) located in 
cellular system 140 to either of a CMT located in wireless 
office system 142 or an FT of PTN 108: 



described with reference to the following call scenario cases 25 /'"loTThe user of a CMT roaming within cellular system 140 

(Case 1-Case 6): / originates a call by dialing a PN ofCNU or, alternatively, the 

Case 1: CaU from FT in PTN 108 or PSTN 104 to a CMT [(j user of a PMT originates a tJalPby dialing a complete 

located in wireless ofiSce system 142: \/ subscriber number for a CMT. 



1) The user of a FT in PTN 108 or PSTN 104 originates 



•2) MSC 112 receives the call through base station 114 and , 



a call to a CMT by dialing the terminal's PN if calling from 30 inquires HLR 206 through HLR enqc 228 using the called 



PTN 108 or, the terminal's complete company subscriber 
number if calling from PSTN 104. 

2) The PN or subscriber number terminates at a line in 
PTN 108 directed to WO Gateway 124. PTN Qri 224 directs 
the call to WO Gateway 124 over interface A. 

3) As the call is requested over interface A, WO Gateway 
124 and call control function 220 sets the called network 
element (CNE) to PLMN 102. 

4) Call control function 220 inquires HLR 206 through 



number as the B-number and the calling mobile terminal 
MIN as the originating number. Since the call is originated 
by a CMT, H LR 206 determines that the called B-number 
shall be retrieved by SCF_202^SCF 202 then retrieves the 
35 terminating point from the PNEdatabase using the PN as the 
key. In the case of the PMT originating the call, the 
termination point is directly retrieved from HLR 206 with- 
out use of the PNP database.. In either case, the termination 
point is a fixed telephone number indicated as one of the 
HLR enqa 212 and HLR enqc 228 using the called CMT's 40 PTN numbers in PvSTN 104, The number may belong to the 
PN as the B-number and wireless office system 142 as WO Gateway 124 number series or be 'the number of ^ FI^ 
originating entity. Since the call is indicated as originating in of PWIOS. The PSTN number is renimed to MSC.112. 
the wireless oflScejsyjstc m 142, FIL R determines that the 3) The call is routed to G MSC_136 . 
called B-numberlhall bTretrieved by SCF 202. SCF then 4) GMSC 136 performs call setup toward PSTN 104 
retrieves the terminating MIN from the WONP database 45 using the fiill subscriber number of the termination point, 
using the PN as the key. y^jpaming number for the called 5) PSTN 104 performs call setup towards PTO,108 using 
CMT subscriber is then retrieved from HLR 206 and direct inward dialing to reach the called number m PTN 108. 
returned to WO Gateway 124 through HLR enqc 228 and / 6) If the called number terminates at FTof PTN 108, the 
HLR enqa 212. call is completed. If the called number belongs to the 

5) Because the called CMT is located within wireless 50 number series of WO Gateway 124, PTN Ctrl 124 routes the 



office system 142, the roaming number terminates in RAN 
126. 

6) Call control 220 completes the call to the CMT through 
RAN link 216. 

Case 2: Call from a first CMT located in wireless office 
system 142 to a second CMT located in wireless office 
system 142 or to an FT of PTN 108: 

1) The user of the first CMT originates a call by dialing 
the PN of a FT of PTN 108 or the PN of a second CMT 
located within wireless system 142. 

2) RAN link 216 of WO Gateway 124 receives the call 
through RAN 126. 

3) Because the call is from a CMT, the call is uncondi- 
tionally routed to PTN 108. Also, the dialed number is 
transparently sent to PIT^ 108 on the signahng link. 

4) If the dialed number terminates at a FT, WH 108 
completes the call. 



call to WO Gatewajj 124 over interface. A using the PN^sf the 
called CMT^as the B-number. 

7) As the call is received in WO Gateway 124 over 
interface A, call control 220 sets the called network identity 

55 to PLMN 102. 

8) Call control function 220 inquires HLR 206 through 
HLR enqa 212 and HLR enqc 228 using the PN number of 
the called CMT as B-number and the wireless office system 
142 as the originating entity. Since the call is indicated as 

60 originating in the wireless office system 142, HLR deter- 
mines that the called B-number shall be retrieved by SCF 
202. SCF then retrieves the terminating MIN from the 
WONP database using the PN as the key. A roaming number 
for the called CMT is then retrieved by HLR 206 and 

65 returned to WO Gateway 124. 

9) The roaming number terminates in RAN 126. 

10) The call to the CMT is completed. 
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Case 4: Call from a CMT located within wireless office 
system 142 or from a FT of PTN 108, or from a fixed phone 
in PSTN 104 to a CMT roaming within public cellular 
system 140: 

1) The user of a fixed deskphone of PTN 108 or a CMT 
located within wireless oflSce system 142 originates the call 
by dialing the PN of a CMT that is roaming in public cellular 
system 140, Alternatively, the user of a public phone within 
PSTN 104 dials the complete company subscriber number of 
the CMT 

2) The PN or company subscriber number terminates at a 
line in PTN 108 that belongs to the number series of WO 
Gateway 124. PTN Ctrl 224 then routes the call to WO 
Gateway 124 using the PN of the called CMT as the 
B-number over interface A. 

3) As the call is received in WO Gateway 124 over 
interface A, call control 220 sets the called network identity 
to PLMN 102. 

4) Call control 220 inquires HLR 206 using the PN of the 
called CMT as the B-number and wireless office system 142 
as the originating entity. Since the call is indicated as 
originating in the wireless office system 142, HLR deter- 
mines that the called Bnumber shall be retrieved by SCF 
202. SCF then retrieves the terminating MIN from the 
WONP database using the PN as the key. A roaming number 25 
is retrieved by HLR 206 and returned to WO Gateway 124. 

5) The roaming number terminates in a node of public 
cellular system 140, and WO Gateway 124 routes the call to 
PTN 108 for outgoing connection through PSTN 104 and 
PLMN 102. 

1 6) PTN 108 functions for a usual call directed outward to 
Ithe PSTN 104 and routes the call to PSTN 104 with the 
(froaming number as B-number. 

^ 7) PSTN 104 identifies that the roaming number is within 
public cellular system 140 and routes the call to GMSC 136. 

8) GMSC 136 routes the call to MSC 112. 

9) The call to the CMT is completed within public cellular 
system 140. 

Case 5: Call from CMT located in wireless office system 142 



8) The call to the PMT is completed. ^ * 

Case 6: Call from a CMT located within cellular system C AO 'T ^ ^ 

140 or from a PMT located within cellular system 140 to a^ ^ ii ru^^ 
CMT located within cellular system 140: ^f^^UJI 



15 



20 



to any public subscriber (PMT within PLMN 102 or any 40 to WO Gateway 124. 



1) A CMT user roaming within cellular system 140 
originates a call by dialing the PN of another CMT who is 
located within cellular system 140. Alternatively, a PMT 
dials the complete company subscriber number of a CMT 
located within cellular system 140. 

2) MSC 112 inquires HLR 206 using the dialed number as 
the B-number and the MIN of the calling mobile terminal as 
the originating number. Since the call is originated by the 
CMT, HLR determines that the called B-number shall be 
retrieved by SCR SCF then retrieves the terminating point 
from the PNP database using the PN as the key. For a call 
from a PMT, the termination point is directly retrieved. In 
either case, the point is a fixed PSTN number that belongs 
to the number series of WO Gateway 124. The PSTN 
number is then returned to MSC 112. 

3) The call is routed to GMSC 136, 

4) GMSC 136 performs call setup to PSTN 104 using the 
PSTN number. 

5) PSTN 104 performs call setup to PTN 108 using direct 
inward diahng (DID) to reach the number in PTN 108. 

6) As the DID number belongs to the number series of 
WO Gateway 124, PTO Ctrl 224 routes the call to WO 
Gateway 124 over interface A using the PN of the called 
CMT as the B-number. 

7) As the call is received at WO Gateway 124 over 
interface A, call control 220 sets the called network identity 
to PLMN. 

8) Call control function 220 inquires HLR 206 through 
HLR enqa 212 and HLR enqc 228 using the PN of the called 
CMT as the B-number and the wireless office system 142 as 

35 the originating entity. Since the call is indicated as originat- 
ing in the wireless office system 142, HLR determines that 
the called B-number shall be retrieved by SCF 202. SCF 
then retrieves the terminating MIN from the WONP data- 
base using the PN as the key. A roaming number is returned 



30 



other public subscriber within PSTN 104): 

1) The user of a CMT located within wireless office 
system 142 originates a call by dialing a two digit external 
line prefix plus a public telephone number to request a call 
to the public subscriber via an external line of PTN 108. 

2) RAN link 216 of WO Gateway 124 receives the call 
through RAN 126. 

3) Because the caller is a CMT, the call is unconditionally 
routed to PTN 108. The dialed number is also transparently 
sent to PTN 108 on the signaling link. 

4) PTN 108 functions as for any call outgoing to the 
public network, it routes the call to PSTN 104 with the 
dialed number as B-number. 

5) PSTN 104 identifies the destination of the dialed 
number. If the destination is in PSTN 104, the call is 
completed. If the dialed number is found in PLMN 102, the 
call is routed to GMSC 136 and Steps 6, 7 and 8 are 
completed, 

6) GMSC 136 inquires HLR 206 using the dialed number 
as the B-number and the public PSTN number as the 
originating entity. HLR 206 recognizes this number as being 
a PSTN subscriber not belonging to the WONP in PLMN 
102 and the termination point is directly retrieved without 
interaction with SCF 202. HLR 206 returns a roaming 
number for the PMT to GMSC 136. 

7) GMSC 136 routes the call to MSC 112 as indicated by 
the roaming number. 



45 



9) Because the roaming number terminates in a node of 
public cellular system 140, WO Gateway 124 routes the call 
to PTN 108 for outgoing connection through PSTN 104 to 
pubhc cellular system 140. 

10) PTN 108 functions as for any call requested outward 
to PSTN 104, it routes the call to PSTN 104 using the 
roaming number as the B-niunber. 

11) PSTN 104 identifies that the roaming number is found 
in public cellular system 140 and routes the call to GMSC 
136. 

12) GMSC 136 routes the call to MSC 112 as indicated by 
the roaming number of the called CMT. 

13) The call to the CMT is completed. 
Referring now to FIG. 3, therein is shown another 

embodiment of the invention. Tliis embodiment may be 
implemented into the system shown in FIG. 1. This embodi- 
ment supports handover of ongoing calls between cells of 
the wireless office system 142 and public cellular system 
140. The embodiment also allows a CMT to use services of 
PTN 104 while in public cellular system 142. The embodi- 
ment of FIG. 3 differs from the embodiment of FIG. 2 in that 
in FIG. 3, interface C provides a direct trunk line connection 
between MSC 112 and WO Gateway 124 in RG. 3. The 
direct trunk line is capable of carrying call traffic between 
65 MSC 112 and WO Gateway 124. CMTs in public ceUular 
system 140 and wireless office system 142 may be connected 
directly over the trunk line between MSC 112 and WO 
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Gateway 124. Routing through PSTN 108 and GMSC 136 
is not required for these calls. Also, handover between cells 
of wireless oflSce system 142 and cells of cellular system 140 
is supported. Additionally, this configuration allows a CMT 
roaming in public cellular system 140 lo call a public 
subscriber of PSTN 104 by requesting an external line from 
PTN 108. The trunk link between MSG 112 and WO 
Gateway 124 is only used for connection of corporate group 
MTS to WO Gateway 124. Calls from PMTs lo CMTs are 
routed via GMSC 136-PSTN 104-PTN 108 and WO Gate- 
way 124 as in the embodiment of FIG. 2. 

In the configuration of FIG. 3, additional functions have 
been added beyond the configuration shown in FIG. 2. WO 
Gateway 124 contains the additional MSC routing function 
provided by MSC routing a302. Also, MSC 112 contains the 
additional MSC routing function provided by MSC routing 
b304 and MSC control 306. In this configuration call control 
220 is also enhanced to handle outgoing calls by CMTs 
through MSC 112 towards PTN 108 and, to route calls made 
to CMTs in MSC 112 over interface C if the roaming number 
terminates in cellular system 140. MSC control 306 per- 
forms the normal functions of the MSC 112 and is used in 
FIG. 3 to differentiate these functions from MSC routing 
b304 functions. 

llie embodiment of FIG. 3 can be described with refer- 
ence to FIG. 1, and the following call scenario cases (Case 
7-Case 10): 

Case 7: Call from a CMT roaming within cellular system 
140 to a CMT located within wireless oflBce system 142: 

1) The user of a CMT roaming within cellular system 140 
originates a call by dialing the PN of another CMT located 
within cellular system 140. 
' " <>r ' ^) MSC 112 receives the call through BS 114 and inquires 
.(r^ HLR 206 using the PN of the called CMT as the B-number 
'■M — - --- - ... 



in 
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and the MIN of the calling CMT as the originating number. 
Since the call is originated by the CMT, HLR determines 
that the called B-number shall be retrieved by SCF. SCF then 
retrieves the terminating point from the as database using the 
PN as the key. 'Jlie terminating point is a B-subscriber 
number that appears as a fixed telephony number (PTN 
group number in PSTN belonging to the PNP) in the public 
cellular network 142. A gateway number, pointing to WO 
Gateway 124, is then returned. 

3) The call is routed from MSC 112 to WO Gateway 124 
with the PN of the called CMT as the B-nuraber. As the call 
is received over the trunk line of interface C, call control 220 
sets the called network identity to PTN. 

4) WO Gateway 124 performs an outgoing gateway 
function lo PTN 108 with the PN of the called CMT as 
Bnumber. 

5) The called PN belongs to the WO Gateway PNP 50, 
FI1SI Ctrl 224 routes the caU back (with the PN as the 
Bnumber) lo WO Gateway 124 over interface A. 

6) As the call is received at WO Gateway 124 over 
interface A, call control 220 sets the called network identity 
to PLMN. 

7) Call control 222 function inquires HLR 206 through 
HLR enqa 212 and HLR enqb 220 using the called PN as the 
B-number and the corporate wireless system 140 as origi- 
nating entity. Since the call is indicated as originating in the 
wireless ofiBce system 142, HLR determines that the called 
B-number shall be retrieved by SCF 202. SCF then retrieves 
the terminating MIN from the WONP database using the PN 
as the key. A roaming number is retrieved by HLR 206 and 
returned to WO Gateway 124. 

8) ITie roaming number terminates in RAN 126. 

9) The call to the CMT is completed. 



Case 8: Call from CMT located in wireless office system 142 
to CMT located in public cellular system 140. 

1) The user of a CMT in wireless office system 142 
originates the call by dialing the PN of a CMT located in 
pubhc cellular system 140. 

2) RAN link 216 function of WO Gateway 124 receives 
the call fi-om RAN 126. 

3) As the caller is a CMT, the call is unconditionally 
routed to PTN 108. The dialed PN is also transparently sent 
lo PTN 108 on the signaling link. 

4) The PN terminates at a line in PTN 108 belonging to 
the assigned number series of WO Gateway 124. PTN Ctrl 
224 forwards the call (with the PN number of the CMT as 
the B-number) to WO Gateway 124 over interface A. 

5) As the call is received at WO Gateway 124 over 
^5 interface A, call conlrol 220 sets the called network identity 

to PLMN. 

6) Call control 220 of WO Gateway 124 inquires HLR 
206 with the PN number of the CMT as the B-number and 
wireless office system 142 as the originating entity. Since the 

20 call is indicated as originating in the wireless office system 
142, HLR determines that the called B-number shall be 
retrieved by SCF 202. SCF then retrieves the terminating 
MIN fi-om the WONP database using the PN as the key. A 
roaming number is retrieved by HLR 206 and returned to 
WO Gateway 124. 

7) The roaming number terminates in a node of public 
cellular system 140, WO Gateway 124 routes the call to 
MSC 112 of public cellular system 140 as indicated by the 
roaming number. 

8) The call to the CMT located in public cellular system 
140 is completed, 

^^ase 9: CaU from a CMT roaming in public cellular system 
140 to a PMT in public cellular system 140. 

1) The user of a CMT roaming in public cellular system 
35 140 originates a call by dialing the external line prefix plus 

the number of a PMT to request a call to the PMT located 
in public cellular system 140. 

2) MSC 112 inquires HLR 206 using the MIN of the CMT 
as the originating number. Since the call is originated by a 
CMT, HLR determines that the called B-number shall be 
retrieved by SCF. SCF then retrieves the terminating point 
from the PNP database using the PN as the key. The 
B-subscriber (the external line function), is located in PTN 
108. In public cellular system 142, the B-subscriber appears 
as a fixed telephony user. Therefore, a gateway number, 
pointing to WO Gateway 124, is returned. 

3) The call is routed to WO Gateway 124. 

4) WO Gateway 124 requests an external line from PTN 
108. 

5) PTN 108 acts as for any call requested to a public user 
and routes the call to PSTN 104 with the dialed number as 
B-number. 

6) PSTN 104 identifies the destination as being found in 
PLMN 102 and the call is routed to GMSC 136. 

7) GMSC 136 inquires HLR 112 with the dialed number 
as the B-number and a public PSTN number (one belonging 
to the corporate group of PTN 108) as originating entity. 
HLR 112 recognizes this number as not belonging to the 
WONP of wireless office system 142 and the termination 

60 point is directly retrieved without interaction with SCF 202. 
HLR 112 returns the roaming number of the public sub- 
scriber. 

8) GMSC 136 routes the call to MSC 112, as indicated by 
the roaming number. 

9) 'Ilie call to the CMT is completed. 
Case 10: Call from a PMT in public cellular system 140 lo 
a CMT roaming in public cellular system 140: 
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1) The user of a PMT in public cellular system 140 dials 
a complete company subscriber number to call a CMT 
located in public cellular system 140. 

2) MSG 112 inquires HLR 206 using the complete com- 
pany subscriber number as the B-number and the MIN of the 
calling PMT as the originating number. Since the caller is a 
PMT, the termination point is retrieved without support from 
SCF 202. The termination point is a fixed telephony number 
that is one of the PTN numbers in PSTN belonging to the 
PNP of WO Gateway 124. A PSTN gateway number to 
PSTN 104 is returned. 

3) The call is routed to GMSC 136. 

4) GMSC 136 performs call setup towards PSTN 104 
using the full company subscriber number. 

5) PSTN 104 performs call setup towards PTN 108 with 
the full company subscriber number. 

6) The PN belongs to the PNP of WO Gateway 124. PTN 
Ctrl 224 routes the caU to WO Gateway 124. 

7) As the call is received at WO Gateway 124 over 
interface A, call control 220 sets the called network identity 
to PLMN. 

8) CaU control 220 inquires HLR 206 with the PN of the 
called CMT number as the B-number and the wireless oflSce 
system 142 as the originating entity. Since the call is 
indicated as originating in the wireless olEce system 142, 
HLR determines that the called Bnumber shall be retrieved 
by SCF 202. SCF then retrieves the terminating MIN from 
the WONP database using the PN as the key. A roaming 
number is returned to WO Gateway 124. 

9) The roaming number terminates in a node of public 
cellular system 140 and WO Gateway 124 routes the call to 
MSC 112 as indicated by the roaming number. 

10) The call to the CMT is completed. 

The embodiment shown in FIG. 3 may also be configured 
to include the alternative function (Guest function) of allow- 
ing a PMT to roam as if wireless office system 142 is 
contained within PLMN 102. With the guest function, RAN 
126 and WO Gateway 124 may support PMTs of public 
cellular system 140 not belonging to the corporate group 
(guests) within wireless olEce system 142. This embodiment 
allows PMTs to use wireless office system 142 as part of 
public cellular system 140. 

In the guest fiinction, WO Gateway 124 is enhanced to 
perform a switch function for PLMN 102 without support 
from PTN 108. RAN link 216 is enhanced to perform calling 
number (A-number) analysis when a PMT or CMT operat- 
ing in wireless ofiBce system 142 initiates a call. During the 
A-number analysis, RAN link 216 retrieves information on 
the calling MT from VLR 214 and determines if the MT is 
a corporate or public MT. MSC routing function 302 is 
enhanced to handle guests on the direct trunk from MSC 110 
to WO Gateway 124. VLR 226 is enhanced to allow 
differentiation between PMTs and CMTs when a MT regis- 
ters in wireless offi^_systeni_142,_yLR^ the 
user characteristics from the subscriber database of HLR 
206. The subscriber characterisfics are stored in registers 
within VLR 226. 

When a mobile subscriber registers in a cell of v/ireless 
office system 142, the attributes of the subscriber (public or 
corporate group) are downloaded from HLR 206 and stored 
in VLR 226 of WO Gateway 124. When processing calls 
involving mobile subscribers located within the wireless 
office system 142, WO Gateway 124 will use the attribute 
information to distinguish between guests and corporate 
mobile subscribers. In this featiu'e, calls involving roaming 
public mobile subscribers (guests) are routed over the direct 
trunk line between MSC 112 and WO Gateway 124. 



When a call is initiated from a public mobile terminal 
located within wireless office system 142, call control 220 
requests location information from HLR 206, through HLR 
enqa 217 and HLR enqb 228 and receives a roaming number 

5 in return. Call control 220 routes the call to the PMT 
according to the roaming number. When a call is initiated to 
a PMT roaming within wireless office system 142, call 
control 122 routes the call to the guest roaming number. The 
embodiment, including the guest function may be described 

10 with reference to FIG. 3 and the following caU scenario 
cases (Case 12-Case 13): 

Case 12: Call from a PMT within wireless office system 142 
to a CMT within wireless office system 142. 

1) The user of PMT in wireless office system 142 origi- 
nates a call by dialing the complete company subscriber 
number of a CMT, as for any public user. 

2) RAN link 216 function of WO Gateway 124 deter- 
mines that the caller is a guest. Call control 220 of WO 
Gateway 124 receives the call. 

3) WO Gateway 124 inquires HLR 206 using the dialed 
number as the B-number and the MIN of the PMT as 
originating number. Because the caller is a PMT (guest), the 
termination point is directly retrieved. The termination point 
is a fixed telephony number that is one of the PTN group 
numbers in PSTO belonging to the PNP of the WO Gateway 
124. A PSTN gateway number is returned. 

4) The call is routed to MSC 112. 

5) The call is routed to GMSC 136. 

6) GMSC 136 performs caU setup towards PSTN 104 
using the full dialed company subscriber number. 

7) PSTN 104 performs call setup towards PTN 108 using 
direct inward dialing to reach the called subscriber number 
in PTN 108. 

8) The called number terminates at a line tied to the PNP 
of the WO Gateway 124. PTN Ctrl 224 routes the call (with 
the PN of the corporate subscriber as Bnumber) to WO 
Gateway 124 over interface A. 

9) As the call is received at WO Gateway 124 over 
interface A, WO Gateway call control 220 sets the called 
network identity to PLMN. 

10) Call control 220 function inquires HLR 206 with PN 
of the called CMT as the B-number and the wireless office 
system 142 identified as the originating entity. Since the call 
is indicated as originating in the wireless office system 142, 
HLR determines that the called B-number shall be retrieved 
by SCF 202. SCF then retrieves the terminating MIN from 
the WONP database using the PN as the key. A roaming 
number is returned to WO Gateway 124. 

11) The roaming number terminates in RAN 126. 

12) The call to the CMT is completed. 
Case 13: Call from a CMT within wireless office system 142 
to a PMT roaming in wireless office system 142: 

1) The user of a CMT within wireless office system 142 
originates a call by dialing the external line prefix plus the 
number of a PMT to request a call to a PMT via an external 
fine of PTN 108. 

2) RAN link 216 of WO Gateway 124 determines that the 
caller is a CMT. 

3) RAN link 216 unconditionally routes the call to PTN 
108. The dialed nimiber is transparently sent to PTN 108 on 
the signaling link. 

4) PTN 108 acts as for any call requested to the public 
world, it routes the call to PSTN 104 with the dialed number 
as the B-number. 

5) ?STN 104 identifies the destination of the dialed 
mmiber as in public cellular system 140 and the call is routed 
to GMSC 136. 
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6) GMSC 136 inquires HLR 206 with the dialed number 
as the B-number and a public number of PSTN 104 (one 
belonging to the PTN cxirporate group CMT) as the origi- 
nating caller. HLR 206 recognizes the dialed number as a 
subscriber not belonging to a WO and the termination point 
is directly retrieved without interaction with SCF 202. HLR 
206 returns the roaming number of the PMT to GMSC 136. 

7) GMSC 136 routes the call to MSC 112 as indicated by 
the roaming number, 

8) MSC 112 routes the call to WO Gateway 124 with the 
roaming number as the destination. 

9) The roaming number terminates in RAN 126. 

10) The call to the PMT is completed. 

WO Gateway 124 may also be configured to support an 
application for computer supported telephony. For this 
function, signal interchange between WO Gateway 124 and 
ETN 108 is performed over interface A. The function of PTN 
108 that communicates with a system for computer sup- 
ported telephony (e.g., Call Centre or Automatic Call Dis- 
tribution (ACD)) is implemented in CST Access 158. The 
computer supported telephony is provided to PTN 108 over 
the ISDN link of interface A by communications between 
WO Gateway 124 and CST Access 158. The computer 
supported telephony may be according to the ECMA Com- 
puter Supported Telephony AppUcation (CSTA) or ANSI 
Switch Computer Application Interface (SCAI) standards. A 
number of other industry standards, created by the large 
PTN vendors like AT&T and Northern Telecom, may also be 
used. 

Referring now to FIG. 4, therein is shown still another 
configuration of the embodiment of the invention shown in 
FIG. 1. In the configuration shown in FIG. 4, WO Gateway 
124 provides a computer supported telephony (CST) inter- 
face between PTN 108 and PLMN 102. The CST function 
may be used to provide PTN 108 with call completion 
information. 

In the configuration of FIG. 4, six functional blocks have 
been added to the embodiment of FIG. 2. WO Gateway 124 
includes SCF Enqa 404, CST Func. 406, FE status 402. 
HLR/SCP 110 now includes SCF Enqc 412 and PTN 108 
now includes CST prot 408 and CST support 410. 

SCF Enqa 404 and SCF Enqc 128 allow requests from 
CST Func. 406 to SCF 202 for call completion information. 
The messages between SCF Enqc 412 and SCF Enqa 404 are 
carried through MSC 112. CST Func 406 provide computer 
support to PTN 108 by utilizing SCF 202. In the configu- 
ration shown in FIG. 4, SCF 202 is included in HLR/SCP 
110. As an alternative, CST Func. may use an independent 
SCF such as one contained in SCP 159 of IN 106. CST Func. 
404 may request a trunk channel connection to HLR/SCP 
110 to enable inband communication, e.g., voice prompts. In 
band communication requires that a trunk line is supported 
between MSC 112 and WO Gateway 124 as in the configu- 
ration of FIG. 3. 

The CST function provided by WO Gateway 124 may be 
configured to support both FTs and CMTs of PTN 108. FT 
using the CST fiinction are registered as CMTs of wireless 
office system 142 within the database of HLR/SCP 110. 
Because the FTs do not dynamically register in PLMN 102, 
they are defined in the database of HLR/SCP 110 as located 
in the area controlled by VLR 226 of WO Gateway 124. 
Examples of services that may be provided by SCF 202 
include call screening based on the A-number, time and 
location; blackAvhite list; location dependent call forward 
and personal call direction schemes. 

CST prot. 408 supports the appropriate computer sup- 
ported telephony protocol between WO Gateway 124 and 
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PTN 108. FT status 406 aUows an FT of PTN 108 to appear 
as a CMT to VLR 226. When HLR/SCP UO requests 
information on an FT, VLR 214 will request FT status 406 
to provide FT status information (free, busy, out of order, 
etc.). FT status 406 determines the state of an FT via CST 
fiinc 406. CST Func. 406 is capable of receiving DTMF 
tones from an FT of PTN 108, and performs instructed task 
towards the subscriber profile within SCF 202. A user may 
control his/her subscriber profile by using this feature. 

A feature of the CST function is the ability to connect an 
FT and a CMT of PTN 108 in an extension phone pair, the 
CMT and FT are seen as one termination point from the view 
point of PTN 108. 

The CST function allows a corporate group user to create 
a personal routing scheme. For example, the user may have 
a call forward to voice mail if one or both of the terminals/ 
deskphone of an extension phone pair is busy. The user may 
also have the call forwarded to voice mail after a certain 
number of active rings on the CMT. As a third example, if 
the CMT is not active within PLMN 102, the user can have 
a call forward to a second FT after a certain number of rings 
on a first FT. Examples of other types of features allowed by 
the CST function include simultaneous ring on the CMT and 
FT of an extension pair, or providing prompts in voice mail 
to allow a caller to select a forwarding destination. 

For the CST function, a personal profile for each sub- 
scriber using the function is stored within SCF 202 of 
HLR/SCP 110. The profile may be modified by dual tone 
multiple frequency (DTMF) signaling from a DTMF phone. 
To change his/her profile, a subscriber sets up a call to a 
profile control function included in CST FUNC 406 of WO 
Gateway 124 and the DTMF signaling is performed in band 
on the path connections. Alternatively, the profile may be 
controlled by a computer application communicating 
directly with HLR/SCP 110. 

The embodiment of FIG. 4 may be described with refer- 
ence to FIG, 1, and the following call scenario case (Case 
14): 

Case 14: Providing IN Service 

1) A CMT using the mobile IN service is defined as a 
"computer supported user** in PTN 108. A call made to the 
user's PN is therefore forwarded within PTN 108 to CST 
Support 410. 

2) CST Support 410 uses CST Prot 408 to request call 
completion information from CST Func 406 of WO Gate- 
way 124. 

3) CST Func 406 requests the called mobile's user profile 
from SCF 202 through SCF Enq 404 and SCF Enqb 412. 

4) SCF 202 retrieves the user profile from a subscriber 
database supporting SCF 202. 

5) If necessary, according to the user profile (e.g., the 
profile indicates that location based information is required 
for IN service), SCF 202 inquires HLR 206. 

6) HLR 206 uses the normal routines of public cellular 
system 140 to retrieve the MT status from VLR 226 and the 
nodes handled by VLR 226. After processing of the various 
call completion conditions, MT status, location, time, etc., 
SCF 202 retrieves a call termination result. SCF 202 sends 
the result, typically a destination number, over SCF Enqc 
412 and SCF Enqa 404 to CST Func 406 which forwards it 
to CST Support 410. 

7) CST Support 410 transfers the task to PTN ctri 108 for 
routing to the destination or destinations. 

Referring now to FIG. 5, therein is shown another alter- 
native configm"alion of the embodiment of the invention 
shown in FIG. 1. The alternative configuration shown in 
FIG. 5 provides an enhanced routing function. In this 
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embodiment, PLMN 102 may provide both public and 
private service without the need to use PSTN 104. In this 
case, PTN 109 need not be connected to PSTN 104 when 
providing the functions provided by the basic routing func- 
tion. In the configuration shown in RG. 5, the functional 
blocks have been added to the configuration shown in nC. 
3. DSSlPuba 502 has been added to WO Gateway 124 and 
DSSlPubb 504 has been added to PTN 108. DSSlPuba 502 
and DSSlPubb 504 allow WO Gateway 124 to connect calls 
from PMTs in wireless office system 142 to PTN 108, 
identically to calls made from PMTs in public cellular 
system 140. PTN 108 may then handle the calling PMTs as 
it handles any external user that calls through PSTN 104. 
DSSlPuba 502 and DSSlPubb 504 emulate a public switch, 
i.e., a PSTN control office over interface B from the view- 
point of PTN 108. DSSlPuba 502 and DSSlPubb 504 
perform layer 3 ISDN PRl signaling. The enhanced routing 
function of FIG. 5 also requires that call control 220, MSG 
routing 304, VLR 214 and RAN link 216 be enhanced over 
the configuration of FIG. 3. Call control 220 is enhanced to 
handle routing via PTN 108. 
The enhanced routing function provides the following: 

1) PMTs operating in PLMN 102 may call directly into 
PTN 108 via an external line of PTN 108. The CMTs and FT 
receive a group number in the numbering plan of PLMN 
102. When a number of the corporate group is called, the call 
is routed over interface B to PTN 108. This allows a PMT 
to call a corporate group number without dialing the area 
code of PSTN 104 since it is not necessary to route the call 
through GMSC 136 and PSTN 104. 

2) CMTs may request an external line toward public 
cellular system 140 through PTN 108. 

3) An intelligent routing function enables CMTs to use 
various IN funcUons provided by SCF 202 of HLR/SCP 110. 
As an alternative, these functions may also be provided by 
SCF 159 of IN 106 when originating a call. Preferred routing 
and selective call barring are examples of originating IN 
services. For example, the originating IN service may be 
used to select the shortest path when roaming away from the 
location of the home office to avoid tromboning via a remote 
PTN node. Examples of criteria for shortest path selection at 
a certain location includes calling certain B-numbers or 
diahng a prefix. The service may also be used for barring 
selected calls to PMTs. In this feature, the corporate group 
is defined as a closed user group with outside calls barred, 
i.e., corporate group members are not allowed to call mem- 
bers outside the group (this condition may be defined both 
in PLMN 102 and PTN 108). When the IN selected calls 
barred service is attached, a corporate group CMT or FT 
may call a PMT only under certain conditions. The condi- 
tions may be based on calling/called location, B-number, 
time, etc. 

When a call is originated from a CMT subscribing to 
originating IN service and located within wireless office 
system 142, RAN link 216 retrieves the profile of the CMT 
from VLR 202. Because originating IN service is to be 
performed, RAN link 216 routes die call to call control 220 
instead of PTN 108. Call control requests subscriber infor- 
mation fi-om HLR 206 before call setup, and the IN function 
is executed by HLR/SCP 110. 

It is believed that the operation and construction of the 
present invention will be apparent from the foregoing 
description and, while the invention shown has been char- 
acterized as particular embodiments, changes and modifi- 
cations may be made therein without departing from the 
spirit and scope of the invention as defined in the following 
claims. 
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What is claimed is: 

1. A method of call routing in a telecommunications 
system combination having a private telephony network, 
PTN, including a plurality of nodes, each of said nodes 

5 assigned at least one personal number, PN, and at least one 
subscriber number, wherein said PTN provides private tele- 
phony service at each of said nodes, said telecommunica- 
tions system combination further having a mobile network 
including a wireless system coupled to a selected node of 
10 said PTN over a first interface, said wireless system having 
at least one mobile terminal associated with a selected at 
least one PN and a selected at least one subscriber number, 
both assigned to said selected node, said mobile network 
further including a cellular system coupled to said wireless 
15 system, said method comprising the steps of: 

receiving a call in said PTN directed to the selected node; 
routing said call over the first interface from said PTN to 

the wireless system; 
determining, in the wireless system, whether said call was 

received over the first interface; and 
in response to an affirmative determination: 

sending a request for a roaming number from the 
wireless system to the cellular system; 
25 receiving said roaming number in the wireless system; 
and 

routing said call to a location within the mobile net- 
work indicated by said roaming number. 

2. The method of claim 1, in which said step of receiving 
30 a call comprises the steps of: 

receiving a call initiated within the wireless system, said 

call placed to the selected at least one PN; 
routing said call from the wireless system to the PTN; and 
directing said call to the selected node, 
•'^ 3. The method of claim 1, in which said cellular system 
is coupled to the PTN by an external network, and in which 
said step of receiving a call comprises the steps of: 

receiving a call initiated within the cellular system, said 
^ call placed to the selected at least one PN; 

determining that the selected at least one PN is valid; 
determining the at least one subscriber number from the 

selected at least one PN; 
routing said call to the FYN over said external network; 
45 and 

directing said call to the selected node of said PTN. 

4. The method of claim 1, in which said cellular system 
is coupled to the PTN through an external network, and in 
which the step of routing said call to a location within the 

50 mobile network comprises the steps of: 

routing said call to the PTN for outgoing connection 

through the external network to the cellular system; and 
completing said call to the at least one mobile terminal 

within the cellular system. 

5. The method of claim 1, in which said step of routing 
said call to a location within the mobile network comprises: 

completing said call to the at least one mobile terminal 
within the wireless system. 

6. The method of claim 1, in which the cellular system is 
coupled to the wireless system through a trunk line, said step 
of receiving a call comprises the steps of: 

receiving a call initiated within the cellular system, said 
call placed to the selected at least one PN; 
65 determining that the at least one PN is valid; 

routing said call from the cellular system to the wireless 
system over the trunk line; and 
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routing said call from the wireless system to the PTN. 

7. The method of claim 1, in which the cellular system is 
coupled to the wireless system through a tmnk line, and in 
which the step of routing comprises routing said call over the 
trunk line to a location in the cellular system. 

8. The method of claim 1, in which the cellular system is 
coupled to the wireless system through a trunk line, and in 
which the step of receiving a call comprises: 

receiving a call initiated within the cellular system, said 
call placed to the selected at least one subscriber 
number; and 

routing said call from the cellular system to the PTN 

through the external network; 
and, further in which the step of routing comprises routing 

said call over the trunk line to a location in the cellular 

system. 

9. A method of call routing in a telecommunications 
system combination having a private telephony network, 
PTN, including a plurality of nodes, each of said nodes 
assigned at least one personal number, PN, and at least one 
subscriber number, wherein said PTN provides private tele- 
phony service at each of said nodes, said telecommunica- 
tions system combination further having a mobile network 
including a wireless system coupled to a selected node of 
said PTN over a first interface, said wireless system having 
a first at least one mobile terminal associated with a selected 
at least one PN and a selected at least one subscriber number, 
both assigned to said selected node, said mobile network 
further including a cellular system coupled to said wireless 
system over a trunk line, said cellular system having a 
second at least one mobile terminal, wherein said first and 
second mobile terminals may roam within said mobile 
network, said method comprising the steps of: 

receiving a call in the cellular system, said call directed 
from the first at least one mobile terminal to the second 
at least one mobUe terminal, when the first and second 
at least one mobile terminals are located within the 
cellular system; 

routing said call to the wireless system over the trunk line; 

routing said call from the wireless system to the E^TN; and 

routing said call from the PTN to the cellular system 
through an external network. 

10. A method of call routing in a telecommunciations 
system combination having a private telephony network, 
PTN, including a plurality of nodes, each of said nodes 
assigned at least one personal number, PN, and at least one 
subscriber number, wherein said PTN provides private tele- 
phony service at each of said nodes, said telecommunica- 
tions system combination further having a mobile network 
including a wireless system coupled to a selected node of 
said PTN over a first interface, said wireless system having 
at first at least one mobile terminal associated with a selected 
at least one PN and a selected at least one subscriber number, 
both assigned to said selected node, said mobile network 
further including a cellular system coupled to said wireless 
system over a tmnk line, said cellular system having a 
second at least one mobile terminal, wherein said first and 
second mobile terminals may roam within said mobile 
network, said method comprising the steps of: 

receiving a call within the wireless system; 
determining whether said call was initiated from the first 

at least one mobile terminal or the second at least one 

mobile terminal; 
routing, responsive to a determination in the step of 

determining that said call was initiated from the first at 



10 



15 



20 



25 



30 



35 



45 



50 



55 



60 



65 



least one mobile terminal, said call from the wireless 
system to the PTN; 

routing said call to the cellular system through the exter- 
nal network; and 

routing said call from the cellular system to the wireless 
system over the trunk line. 

11. A telecommunications system combination compris- 
ing: 

a private telephony networic, PTN, having a plurality of 
nodes, each of said nodes assigned at least one personal 
number, PN, wherein said private telephony network 
provides private telephony service at each of said 
nodes; and 
a mobile network including: 

a wireless system coupled to a selected node of said 
PTN, said wireless system having at least one mobile 
terminal associated with a first at least one PN 
assigned to said selected node, said wireless system 
comprising a gateway function for routing calls 
placed to and from said first at least one PN, initiated 
from within said wireless system, through said PTN 
when said at least one mobile terminal is located 
within the coverage area of said wireless system; and 
a cellular system coupled to said gateway function, said 
cellular system including a service controller for 
translating said first at least one PN into a selected at 
least one mobile identification number, MIN, said 
cellular system further comprising a home location 
register for storing a roaming number associated 
with said at least one MIN, said roaming number 
indicative of a location of said at least one mobile 
terminal within said mobile network, and calls 
received in said PTN for said first at least one PN are 
routed within said mobile network according to said 
roaming number. 

12. The telecommunications system combination of claim 

11, wherein said gateway function is coupled to said PTN 
over a first interface and said PTN further comprises a PTN 
controller for routing calls directed to said first at least one 
PN over said first interface to said gateway function. 

13. The telecommunications system combination of claim 

12, wherein said gateway function further comprises a call 
controller for receiving a call, directed to said first at least 
one PN over said first interface from said PTN, requesting 
location information on said first at least mobile terminal 
from said HLR, receiving said roaming number from said 
HLR, and, routing said call to said roaming number. 

14. The telecommunications system combination of claim 

13, wherein said gateway function further comprises a RAN 
linker coupled to said call controller and said first interface, 
said RAN linker for processing calls originating from said at 
least one mobile terminal in the coverage area of said 
wireless system and transferring the called number to said 
PTN over said first interface, and, said RAN linker, further 
for performing call setup to said at least one mobile terminal 
when said at least one mobile terminal is identified by a 
roaming number received from said HLR in said call con- 
troller when a call to said at least one mobile terminal is 
received in said wireless system. 

15. The telecommunications system combination of claim 

14, wherein said first interface further comprises a digital 
subscriber signaler for coupUng said RAN Unk and said call 
controller to said PTN, and wherein said digital subscriber 
signaler emulates a PTN node. 

16. The telecommunications system combination of claim 
14, wherein said first interface further comprises a digital 
subscriber signaler for coupling said RAN link and said call 
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controller to said PTN, and wherein said digital subscriber 
signaler emulates a ISDN primary rate interface. 

17. The telecommunications system combination of claim 
11, wherein said cellular system further comprises a mobile 
switching center, MSC, coupled to said service controller 
and said HLR, said MSC further coupled to said gateway 
function of said wireless system over a trunk line wherein 
said selected at least one mobile terminal is provided with 
said private telephony service while located in the coverage 
area of said cellular system. 

18. The telecommunications system combination of claim 
17, wherein said MSC further comprises a first router for 
routing calls initiated from said at least one mobile terminal 
for a second at least one PN of said PTN while said at least 
one mobile terminal is located within the coverage area of 
said cellular system, to said gateway function over said trunk 
line for termination in the PTN. 

19. The telecommunications system combination of claim 
17, wherein said gateway function further comprises a 
second router for routing calls originating in the PTN to said 
first at least one PN over said trunk line to said MSC, when 
said at least one mobile terminal is located in the coverage 
area of said cellular system. 

20. The telecommunications system combination of claim 
17, wherein said at least one mobile terminal comprises a 
first at least one terminal and, said cellular system has a 
second at least one terminal and said gateway function 
further comprises: 

a VLR for retrieving subscriber information from said 
HLR over said trunk line when said first at least one 
mobile terminal or said second at least one mobile 
terminal registers within said wireless system; 

a RAN linker coupled to said VLR, said RAN linker for 
performing calling number analysis and retrieving call- 
ing subscriber information indicative of whether said 
call is initiated from said first or second at least one 
mobile terminal when a call is initiated from said first 
or second at least one mobile terminals within the 
coverage area of said wireless system; and 

a call controller coupled to said RAN linker, said call 
controller for requesting a roaming number from said 
HLR if said call is initiated by said second at least one 
mobile terminal and routing said call to said roaming 
number, or, for routing said call to said PTN if said call 
is initiated by said first at least one mobile terminal, 

21. The telecommunications system combination of claim 
17, further comprising an intelligent network, IN, and 
wherein said gateway further comprises a computer sup- 
ported telephony, CST, function for providing a CST inter- 
face between said PTN and said mobile network, and, 
further, wherein said at least one mobile terminal is provided 
CST services. 

22. The telecommunications system combination of claim 
21, wherein said PTN further comprises a CST supporter, 
coupled to said CST function, wherein all calls received in 
said PTN for said first at least one PN are routed to said CST 
supporter. 

23. The telecommunications system combination of claim 
17, wherein said at least one mobile terminal comprises a 
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first at least one terminal and, said cellular system has 
second at least one terminal and, wherein said gateway is 
coupled to said PTN over a first and a second interface, and, 
further, said gateway function further comprises: 
^ a VLR for retrieving subscriber information from said 
HLR over said trunk line when said first at least one 
mobile terminal and said second at least one mobile 
terminal register within said wireless system; 
a RAN linker coupled to said VLR, said RAN linker for 
performing calling number analysis and retrieving call- 
ing subscriber information indicative of whether said 
call is initiated from said first or second at least one 
mobile terminal when a call is initiated from said first 
or second at least one mobile terminal from within the 
coverage area of said wireless system; and 
a call controller, coupled to said RAN linker, said call 
controller for routing a selected call initiated from said 
second at least one mobile terminal to said first at least 
20 one PN over said second interface to said PTN, and, 
wherein said PTN fiirther comprises a PTN controller 
for routing said selected call over said first interface to 
said gateway function. 
24. The telecommunications system combination of claim 
25 23, said second interface comprises a digital system signaler, 
said digital system signaler for emulating an external switch, 
wherein said selected call from said second at least one 
mobile terminal to said first at least one PN appears as a call 
from an external switching network to said PTN. 
30 25. A method of call routing in a telecommunications 
system combination having a private telephony network, 
PTN, including a plurality of nodes, each of said nodes 
assigned at least one personal number, PN, and at least one 
subscriber number, wherein said PTN provides private tele- 
35 phony service at each of said nodes, said telecommunica- 
tions system combination further having a mobile network 
including a wireless system coupled to a selected node of 
said PTN over a first interface, said wireless system having 
at first at least one mobile terminal associated with a selected 
40 at least one PN and a selected at least one subscriber number, 
both assigned to said selected node, said mobile network 
further including a cellular system coupled to said wireless 
system over a trunk line, said cellular system having a 
second at least one mobile terminal, wherein said first and 
45 second mobile terminals may roam within said mobile 
network, said method comprising the steps of: 
receiving a call within the wireless office system; 
determining whether said call was initiated from the first 
at least one mobile terminal or the second at least one 
50 mobile terminal; 

routing, responsive to a determination in the step of 
determining that said call was initiated from the second 
at least one mobile terminal, said call from the wireless 
system to the cellular system through the external 
network; and 

routing said call from the cellular system to the PTN over 
the trunk line. 

***** 
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ABSTRACT 



Systenas and methods for providing intelligent wireless 
access systems are presented. A microcell cellular architec- 
ture is provided in which a digital switch and controller are 
provided in conjunction with a number of intelligent radio 
ports. Each of the intelligent radio ports provides al least one 
voice channel to both the microcell and to the traditional 
wireless macrocell. Calls placed within the microcell, how- 
ever, do not access the traditional pubhc macrocell. This 
architecture enables the microcell to be easily integrated into 
an existing wire -based system such that calls placed to the 
wire-based system are simultaneously forwarded to a cell 
phone (thereby ringing at both phones using a single phone 
number). If the call is answered by the cell phone within the 
confines of the microcell (i.e., via an intelligent radio port 
rather than a conventional wireless base station), the call is 
handled as a wire -based call and the type of phone used to 
answer the call is transparent to the caller. 
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SYSTEMS AND METHODS FOR PROVIDING 
INTELLIGENT WIRELESS ACCESS SYSTEMS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the transmission of wire- 
less (e.g., cellular) communications. More particularly, this 
invention relates to systems and methods for providing 
integrated wireless and wire-based telecommunications and 
for extending public wireless service (e.g., cellular/PCS) 
into business premises. 

[0002] Telephone systems are traditionally either wire- 
based or wireless. Wire-based systems are traditionally 
formed by having telephones coupled to a switch (for 
example, in an office PBX system) and that switch is 
connected to the local exchange carrier ("LEC") central 
office switches and then to the outside world. When an 
incoming call is made to the business from the outside 
world, the call goes from the LEC switches and through the 
PBX system to the recipient, with the PBX system providing 
the proper signaling (e.g., a double-ring to signify an outside 
call). 

[0003] Wireless systems are now often cellular systems, 
though wireless systems may also include the older, two- 
way mobile communications systems (which typically 
required a single large powerful transmitter to cover a given 
geographic area). Cellular systems commonly include a 
series of small base stations that define small, individual 
cells within the geographic area that a wireless service 
provider covers. Each of the base stations are controlled by 
a base station controller and in turn by a central office switch 
commonly known as a Mobile Switching Center ("MSC") 
that provides the necessary switching functions so that calls 
are properly transferred when an individual passes from one 
base station to another during an active call. The MSC also 
includes one or more interfaces to the wire-based telephone 
system which is known as the Public Switched Telephone 
Network ("PSTN**). Calls between the cellular system and 
the PSTN are controlled as cellular calls and the owner of 
the cellular telephone is billed for the call regardless of 
whether the owner originated the call (versus wire-based 
calls where the originator always pays). 

[0004] When an individual or company desires to add 
cellular service, they contact a wireless service provider who 
provides a service that is essentially separate and distinct 
from the existing wire-based service. Thus, if an office with 
an existing PBX system wants to add cellular service, they 
simply purchase a number of cellular phones and subscribe 
for a number of cell phone numbers. Incoming calls to the 
wire -based system in the business premises environment are 
directed through the PBX system to the recipient and are 
billed to the caller (unless the call is a 1-800 call, in which 
case the recipient pays). Incoming calls to a cell phone 
number are directed by the MSC of the wireless service 
provider to the proper cell phone and the cell phone is billed 
for the air time portion of the call. Assuming that each 
individual that has a cell phone also has a wire-based phone 
at his or her desk, those individuals now have two different 
phone numbers to keep track of If any of those people also 
have a personal cell phone, a third phone number adds to the 
confusion. Additional problems occur when a call is placed 
to a user having both a wire-based phone and a cell phone 
and the user is close to, but not directly at the location of the 



wire-based phone. Under such circumstances, no one would 
answer the wire-based call and the caller might then have to 
place a more expensive wireless call to contact the user. 

[0005] It would therefore be desirable to provide systems 
and methods for integrating wire -based phone systems with 
wireless phone systems in the business premises environ- 
ment so that incoming calls are made to a single number for 
both wire-based and wireless service. 

[0006] It would be additionally desirable to provide sys- 
tems and methods for integrating wire-based phone systems 
with wireless phone systems in the business premises envi- 
ronment such that either phone system may still be operated 
as an independent entity in the event of an outage in the other 
phone system. 

[0007] It would also be desirable to provide systems and 
methcKls that enable a user to easily integrate wireless 
service into an existing wire-based system. 

[0008] It would be further desirable to provide systems 
and methods for providing wireless telephone service to 
wire-based customers such that wireless calls are treated as 
wire-based calls (e.g., as cordless phone calls) when the 
recipient is located in close proximity to the wire-based 
phone. 

[0009] It would be still further desirable to provide wire- 
less systems and methods in which wireless calls placed 
within a predetermined area are charged in the same way as 
wire-based calls. 

SUMMARY OF THE INVENTION 

[0010] The above and other objects of the invention are 
met by the present invention in which wireless services are 
transparently integrated with wire -based services in business 
premises environments. The present invention provides that 
incoming calls placed to a given telephone number may be 
answered by either a wireless phone or a wire -based phone, 
depending on the location of the called party, without the 
calling party knowing the method used to answer the call. 
Wireless service is provided in existing environments by 
establishing one or more microcells that provides cellular 
coverage within the customer's premises. The microcell 
system is coupled to both the standard macrocell system 
(i.e., the primary cellular system of the wireless service 
provider) and the wire -based system via an intelhgent radio 
port interface ("IRP"). The intelligent radio port is con- 
nected to a digital switch via as an Integrated Services 
Digital Network ("ISDN") basic rate interface ("ISDN/ 
BRI") that provides two voice channels and a data channel 
("2B+D"). The digital switch is connected to a controller 
which can be located on the customer's premises or in the 
service provider's central office. The controller controls the 
transmission and receipt of calls to the subtending IRP cell 
phones, and also provides the signaling interfaces between 
the microcell system and the standard macrocell system of 
the wireless service provider to handle subscriber registra- 
tion, authentication and services feature applications. The 
digital switch may also be connected to a LEC through 
digital trunk interfaces. 

[0011] Further advantages of the present invention may be 
achieved by handling calls within the microcell system in 
the same manner as wire-based calls. For example, a busi- 
ness having an existing wire-based telephone system desires 
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10 utilize wireless technology without incurring the expense 
and complexity of having to upgrade its existing system. The 
wireless systems and methods of the present invention 
provide that business with one or more microcells, as 
necessary to provide coverage within the business environ- 
ment. The microcells arc coupled together via a controller 
that operates such that calls placed within the microcells are 
treated the same as if someone had simply dialed an exten- 
sion using the wire-based system. Calls placed from the 
wire-based system to cell phones within the microcells are 
treated in the same manner, for example, by only requiring 
the dialing of an extension for internal calls. The dialed 
extension rings two telephones instead of just one; the 
wire-based desk phone and the cell phone for the called 
individual. As soon as cither phone is answered, the ringing 
stops on the other phone. If the cell phone was answered, the 
IRP controller knows the call came through the IRP and 
handles the call appropriately. Calls placed through the 
microcell system by dialing wire-based telephone directory 
numbers can be treated as if they were wire-based calls (e.g., 
no charges for air-time). Calls placed through the microcell 
by dialing the Mobile Identification Number ("MIN") can 
still be'treated as wireless calls and handled differently (e.g., 
by charging for air-time). Therefore, all calls placed to the 
cell phone that are answered via the IRP can be processed as 
wire-based calls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects and advantages of the 
invention will be apparent upon consideration of the fol- 
lowing detailed description, taken in conjunction with the 
accompanying drawings, in which like reference characters 
refer to like parts throughout, and in which: 

[0013] FIG. 1 is a schematic diagram of a telecommuni- 
cation network that illustrates the principles of the present 
invention; 

[0014] FIG. 2 is a flow diagram showing a preferred 
method of the present invention for performing registration 
and authentication procedures in relation to the telecommu- 
nication system shown in FIG. 1; 

[0015] FIG. 3 is a flow diagram showing a preferred 
method of the present invention for processing calls between 
cell phones within the microcells of the telecommunication 
system shown in FIG. 1; 

[0016] FIG. 4 is a flow diagram showing a preferred 
method of the present invention for processing incoming 
calls in relation to the telecommunication system shown in 
FIG. 1; and 

[0017] FIG. 5 is a flow diagram showing a preferred 
method of the present invention for handing off calls within 
the microcells of the telecommunication system shown in 
FIG. 1. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0018] The present invention provides intelligent wireless 
access by providing a microcell-based wireless system that 
may be easily integrated with an existing wire-based system, 
the PSTN and/or a standard macrocell wireless system. FIG. 
1 shows microcell 100 as a self-contained wireless system 
that may be integrated easily within an existing telecommu- 
nications environment, such as a standard PBX system in an 



office. Microcell 100 includes digital switch 102, IRP con- 
troller 104 and IRPs 106-112 (while only four (4) \RPs are 
shown, persons skilled in the art will appreciate that any 
number of IRPs may be used, depending on the physical size 
of the microcell system). Also shown in FIG, 1 are cellular 
phones 114, 116 and 118, macrocell system 120 (i.e., a 
wireless service provider), customer switch 122 and PSTN 
124. The interconnections between the digital switch 102, 
the customer switch 122 and PSTN 124 are shown as dashed 
lines to indicate the various options, as set forth in more 
detail below, that may be used in accordance with the 
present invention. 

[0019] Digital switch 102 is preferably a stand-alone pro- 
grammable ISDN switch that supports ISDN/Basic Rate 
Interface ("ISDN/BRI") (ISDN/BRI provides two 64 kbps 
B-channels and one 16 kbps D-channel), ISDN/Primary 
Rate Interface ("ISDN/PRI") (ISDN/PRI provides twenty- 
three 64 kbps B-channels and one 16 kbps D-channel), and 
the standard Tip/Ring interface. Digital switch 102 provides 
local switching for the IRPs, all switching and transport of 
incoming and outgoing calls to macrocell 120 (in conjunc- 
tion with IRP controller 104), and the ability to integrate 
microcell 100 with customer switch 122. In a preferred 
embodiment, digital switch 102 handles communications 
between each of IRPs 106-112 and IRP controller 104 via 
the ISDN/BRI D-channel's X.25 user-to-user (or peer-to- 
peer) application layer protocol. The connection between 
digital switch 102 and customer switch 122 (which may be, 
for example, a PBX system) may be a standard TI trunk or 
an analog subscriber loop interface, such that simultaneous 
ringing occurs of the wire-based telephone and its associated 
cell phone upon an incoming call. 

[0020] IRP controller 104 provides the core communica- 
tion and control functions through the open standard inter- 
faces (e.g., ISDN/BRI) within microcell 100. For example, 
controller 104 interacts with the wireless service provider 
network to provide subscriber registration, roaming, authen- 
tication and call routing operations. In this manner, digital 
switch 102' s switching and transport operations are per- 
formed based on command received from IRP controller 104 
so that mobility between the private network (microcell 100) 
and the public network (macrocell 120) is maintained. IRP 
controller 104 maintains a visitor location register ("VLR") 
for registration and authentication, as well as interfacing 
with macrocell 120's home location register ("HLR") via an 
SS7/IS-41 interface to support mobility management and to 
assist the IRP's in call processing. Additionally, controller 
104 coordinates information between the IRP's and the 
wireless service provider to support the billing process, as 
described more fully below. 

[0021] IRPs 106-112 are intelligent radio ports that pro- 
vide standard wireless functions within the microcell envi- 
ronment. Each IRP is envisioned as a small, self-contained, 
plug-and-play base station that supports one or more RF 
carriers, each having at least two digital traffic channels and 
one digital control channel to provide voice services. An 
additional digital control channel should also be provided 
for signaling communications between the IRP and other 
wireless terminals. Each of IRPs 106-112 is connected to 
digital switch 102 via an ISDN interface such as ISDN/BRI. 
ITie IRPs provide the standard air interface control func- 
tions, including the necessary registration and terminal 
handoff functions for mobile calls. 
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[0022] Cellular telephones 114, 116 and 118 are standard 
cellular telephones that may operate either with microcell 
100 or macrocell 120, depending on the location of the cell 
phone when a call is received. Persons skilled in the art will 
appreciate that the cellular telephones described herein may 
also be standard paging devices or combinations thereof. If 
the cell phone is within the physical proximity of one of the 
IRPs and the IRP answers the call, then, in accordance with 
the principles of the present invention, the call is processed 
in the same manner as a wire-based call. If, however, a 
standard cell base station answers the call, then the call is 
simply processed as a cell call and the called party is billed 
for air time, etc. Once the cell phone is turned on (and 
assuming that the cell phone is located within the reception 
area of an IRP), the cell phone initiates a registration and 
authentication procedure that is accomphshed in conjunc- 
tion with the answering IRP and IRP controller 104, as 
shown in FIG. 2. 

[0023] FIG. 2 shows a flow diagram of a preferred method 
of accompUshing registration and authentication of cell 
phones that are turned on while located within the reception 
area of a microcell IRP. Once turned on, the cell phone 
transmits a registration request to the IRP in a step 202. The 
IRP verifies the registration request by accessing the IRP's 
visitor database in a step 204. In a step 206, a test is made 
to determine if the cell phone's user profile exists in the IRP 
visitor database. If the user profile exists, an acknowledg- 
ment is sent to the cell phone in a step 216, otherwise, in a 
step 208, the IRP forwards the request to IRP controller 104. 
IRP controller 104 performs a similar test, in a step 210, to 
determine if the cell phone user profile is in its visitor 
database. If the profile exists, the cell phone is currently 
registered within microcell 100, but registered to another 
IRP. Therefore, controller 104, in a step 214, deregisters the 
cell phone from its current IRP and registers the cell phone 
to the requesting IRP. If the user profile does not exist in the 
controller database, controller 104, in a step 212, requests 
the user profile from the wireless service provider If the user 
profile does not exist at the wireless service provide, the 
registration request is rejected, in a step 218. Once the cell 
phone is registered at the requesting IRP (and de registered 
anywhere else), the requesting IRP, in a step 216, sends an 
acknowledgment to the cell phone and calls may be pro- 
cessed. 

[0024] FIG. 3 shows a flow diagram of a preferred method 
of processing calls between two cell phones within microcell 
100, Processing begins in a step 302 when the extension of 
the called phone is dialed on the calling phone, which causes 
a call request to be sent to the calling phone's IRP. In a step 
304, the calling IRP receives the call request and initiates a 
route request to controller 104. Controller 104, in a step 306, 
determines the Mobile Identification Number ("MIN") of 
the called cell phone (based on the dialed extension and the 
last registered IRP for the called cell phone) and forwards 
the MIN to the caUing IRP. The calling IRP initiates ISDN 
call setup via digital switch 102 and transmits the MIN to the 
called IRP in a step 308. In a step 310, the called IRP 
receives the MIN and initiates paging procedures between 
the called IRP and the caUed cell phone. The called cell 
phone acknowledges the IRP in a step 312. After receiving 
the acknowledgment, the called IRP, in a step 314, assigns 
a traffic channel for the caU. Once the IrafiSc channel is 
assigned, the called cell phone, in a step 316, completes the 



call. Because the call is processed entirely within microcell 
100, macrocell 120 is not involved and no air time is charged 
to the customer. 

[0025] FIG. 4 shows a flow diagram of a preferred method 
of processing incoming calls to a telecommunication system 
having a customer switch and a microcell, such as the 
system shown in FIG. 1. Under such circumstances, the 
connection shown between digital switch 102 and PSTN 124 
would not exist, but the connection between digital switch 
102 and customer switch 122, and the connection between 
customer switch 122 and PSTN 124 would exist (thus, 
incoming calls from the "outside wire-based world" all 
come through customer switch 122). Persons skilled in the 
art will appreciate that customer switch 122 is not required, 
in which case the connection between digital switch 102 and 
PSTN 124 would provide microcell 100 with access to 
incoming wire-based calls. 

[0026] Incoming call processing begins in a step 402 when 
customer switch 122 receives an incoming call. As described 
above, customer switch 122 is preferably a PBX system, but 
any conventional system or switch may be utilized as 
customer switch 122, provided that customer switch 122 can 
process telephone caUs. In a step 404, customer switch 122 
switches the incoming call to the extension that corresponds 
to the dialed number and also switches the call to the 
associated bridge to digital switch 102. The bridge to digital 
switch 102 is a bridge that functions to transfer all incoming 
calls and the associated extensions (i.e., the extension cor- 
responding to the dialed number) to digital switch 102. IRP 
controller 104, which monitors digital switch 102, detects 
the ringing associated with the incoming call and receives 
the associated extension in a step 406. Controller 104 
determines the MIN and the registered IRP that corresponds 
to the associated extension in a step 408. In a step 410, 
controller 104 routes the incoming call from digital switch 
102 to the registered IRP. The registered IRP, in a step 412, 
receives the call request and initiates a paging procedure to 
the proper cell phone based on the MIN information. The 
called cell phone, in a step 414 sends the IRP an acknowl- 
edgment. After receiving the acknowledgment, the IRP 
assigns the traflic channel for the call in a step 416. Once the 
traflic channel is assigned, the called cell phone, in a step 
418, completes the call. 

[0027] Once the call is answered by either the wire -based 
desk phone, or the associated cell phone, the ringing stops at 
the other phone. In this manner, the type of phone used to 
answer the call is transparent to the phone caller, who only 
needs to know a single phone number to dial a party. An 
additional advantage of the present invention is the fact that 
the microcell system may be easily integrated into existing 
digital phone systems. All that is required is a simple 
programming change so that all incoming calls are for- 
warded to a second number simultaneously with the for- 
warding to the associated desk extension phone. The second 
number corresponds to the digital switch which, in coop- 
eration with the IRP controller, determines which cell phone, 
if any, the call should be routed to. If the incoming call is 
answered by a cell phone within the confines of the micro- 
cell system, the call is treated the same as a wire-based call, 
and the caller is billed for wire-based telephone lime (no 
billing for air time is required because the macrocell is not 
involved). 
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[0028] FIG. 5 shows a flow diagram of a preferred method 
of handing off calls between IRPs within microcell 100. 
During active cell phone calls, the IRP constantly monitors 
neighbor signal strength measurements received from the 
associated cell phone, in a step 502. Upon the detection of 
a handoff condition, based on the neighbor signal strength 
measurement, the called IRP, in a step 504, initiates a 
handoff request to digital switch 102, preferably via the 
ISDN D-channel signal. The handoff request is transferred to 
the new IRP, in a step 506, which initiates a connection to 
digital switch 102 in preparation for the incoming cell phone 
signal. In a step 508, the new IRP sends the old IRP a 
response to the handoff request that contains the new RF 
channel and timeslot that the cell phone is to switch to. Once 
the cell phone is transmitting the new RF signal, the new 
IRP, in a step 510, issue a Mobile On Channel signal to the 
old IRP. Upon receipt of the Mobile On Channel signal, the 
old IRP sends a fast transfer request to IRP controller 104 in 
a step 512. Controller 104 commands digital switch 102 to 
switch the connection between the IRPs in a step 514. Once 
digital switch 102 has completed the switch between the 
IRPs, controller 104, in a step 516, issue a termination 
command to the old IRP. The old IRP, in a step 518, 
disconnects the bearer channel and completes the handoff 
process. In this manner, mobile calls within the private 
microcell system are transferred without involving the pub- 
lic macrocell system. 

[0029] Thus, systems and techniques for providing intel- 
ligent wireless access are presented. Persons skilled in the 
art will appreciate that the present invention may be prac- 
ticed by other than the described embodiments, which are 
presented for purposes of illustration and not of limitation, 
and the present invention is limited only by the claims which 
follow. 

What is claimed is: 

1. A method of integrating wireless service with wire- 
based service in an existing wire-based environment, said 
method comprising the steps of: 

connecting a digital switch to an existing customer 
switch, said customer switch being coupled to at least 
one wire -based telephone and being capable of provid- 
ing digital communications; 

connecting a plurality of intelligent radio ports to said 
digital switch; 

connecting a controller to said plurality of intelligent 
radio ports and to said digital switch, said controller 
operating to control communications between said 
digital switch and said plurality of intelligent radio 
ports; and 

programming said customer switch such that an incoming 
call having a called phone number is simultaneously 
routed to said at least one wire-based telephone and to 
said digital switch so that said incoming call can be 
answered, using either said at least one wire-based 
telephone or a cellular phone coupled via radio to one 
of said plurality of intelligent radio ports, transparently 
to a caller that places said incoming call. 

2. The method of claim 1, further comprising the steps of: 

detecting ringing at said digital switch by said controller; 



receiving a number at said controller corresponding to 
said called phone number; 

determining a mobile identification number that is asso- 
ciated with said called number; 

selecting an intelligent radio port from said plurahty of 
intelligent radio ports, said selected radio port being a 
radio port that is currently registered to said called 
number; 

routing said call from said digital switch to said selected 
radio port; and 

completing said incoming call at a cellular coupled to said 
selected radio port such that a caller placing said 
incoming call is unaware of whether said incoming call 
is answered via a wire-based telephone or a cellular 
phone. 

3. The method of claim 1, wherein said step of program- 
ming comprises the steps of: 

programming said customer switch to simultaneously 
route an internal call dialed via an extension number to 
said at least one wire-based telephone and to said 
digital switch so that said internal call can be answered, 
using either said at least one wire-based telephone or a 
cellular phone coupled to one of said plurality of 
intelligent radio ports, transparently to a caller that 
places said internal call; and 

processing said internal call as a wire-based internal call 
irrespective of whether said internal call was answered 
via a wire-based telephone or via an intelligent radio 
port coupled cellular phone. 

4. The method of claim 1, further comprising the steps of: 

connecting said digital switch to a macrocell wireless 
network; and 

coupling said controller to said macrocell wireless net- 
work via said digital switch. 

5. The method of claim 4, further comprising the steps of: 

programming said customer switch to simultaneously 
route an internal call dialed via an extension number to 
said at least one wire-based telephone and to said 
digital switch so that said internal call can be answered, 
using either said at least one wire-based telephone or a 
cellular phone coupled to said macrocell wireless net- 
work, transparently to a caller that places said internal 
call; and 

processing said internal call as a cellular call when said 
internal call is answered via a macrocell coupled cel- 
lular phone. 

6. The method of claim 1, further comprising the steps of: 

programming said controller to route an internal call 
dialed via an extension number to a selected one of said 
plurality of intelligent radio ports, said selected radio 
port being selected based on a mobile identification 
number that is associated with said extension and 
whether said selected radio port is currently registered 
to said extension; 

processing said internal call as a wire-based internal call 
regardless of the fact that said internal call is completed 
via two intelligent radio ports. 
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7. A microcell telecommunications network coupled to an 
existing source of wire -based calls, said network compris- 
ing: 

a digital switch; 

a plurality of intelligent radio ports connected to said 
digital switch, said radio ports being capable of com- 
municating with each other via said microcell network 
and also being capable of communicating with a plu- 
rality of wireless telephones via a macrocell public 
wireless network; and 

an intelhgent radio port controller connected to said 
digital switch, said controller providing control com- 
mands to said digital switch and to said plurality of 
radio ports such that an incoming call from said source 
of wire -based calls may be answered via a cellular 
telephone coupled to one of said intelligent radio ports 
irrespective of whether said incoming call was directed 
to a cellular telephone number, said incoming call 
being handled as a wire-based call provided that said 
call is answered via an intelligent radio port based 
cellular phone. 

8. The microcell network of claim 7, wherein said source 
of wire-based calls is a customer switch and said incoming 
call is simultaneously directed to a wire-based telephone and 
to said digital switch so that said incoming call may be 
answered at either said wire-based phone or said radio port 
based cellular phone. 

9. The microcell network of claim 7, wherein said con- 
troller is configured to provide commands for microcell 
communication between two cellular phones each of which 
is coupled to an intelligent radio port, said microcell com- 
munication being processed as wire-based calls provided 
that air time is restricted to occurring via said plurality of 
intelligent radio ports. 

10. The microcell network of claim 7. wherein said 
controller comprises a database that includes information 
regarding a mobile identification number for each cellular 
phone currently registered to operate on said microcell 
network, and a last known intelligent radio port that each of 
said registered phones is associated with. 

11. The microcell network of claim 10, wherein said 
controller further comprises circuitry that monitors said 
digital switch to detect ringing in said digital switch when a 
call is incoming, said incoming call having a associated 
phone number. 

12. The microcell network of claim 11, wherein said 
controller further comprises circuitry that processes said 
incoming call when said ringing is detected based on said 
mobile identification number and associated radio port for a 
cellular phone associated with said phone number, said 
controller issuing commands to route said incoming call 
from said digital switch to said associated cellular phone. 

13. A method for providing wireless telephone service in 
an existing wire -based environment, said method compris- 
ing the steps of: 

directing an incoming call simultaneously to a wire -based 
telephone in said existing environment and to a digital 
switch in a microcell wireless network that causes 
ringing to occur at said digital switch, said incoming 
call having a phone number associated with it; 

monitoring said digital switch by a controller; 



receiving said phone number at said controller when said 
ringing is monitored; 

determining which cellular phone is associated with said 
phone nimiber and determining which one of a plurality 
of intelligent radio ports said associated cellular phone 
is currently registered to; and 

directing said call from said digital switch to said asso- 
ciated cellular phone so that said call may be answered 
at either said associated cellular phone or said wire- 
based telephone transparently to a caller that placed 
said incoming call. 

14. The method of claim 13, further comprising the step 

of: 

processing said incoming call as a wire -based call when 
said incoming call is answered on said associated 
cellular phone and said associated cellular phone is 
associated with an intelligent radio port. 

15. The method of claim 13, further comprising the steps 

of: 

coupling said incoming call to a macrocell public network 
when said associated cellular phone is out of range of 
said microcell network; and 

processing said incoming call as a cellular call when said 
incoming call is answered on said associated cellular 
phone and said associated cellular phone is associated 
with a macrocell base station. 

16. The method of claim 13, wherein said incoming call 
is an internal called in which an extension is dialed, wherein 
said step of directing an incoming call comprises the step of: 

directing said incoming call from an internal wire-based 
telephone simultaneously to another wire-based tele- 
phone and to said digital switch. 

17. The method of claim 16, wherein said steps of 
receiving and determining comprise the steps of: 

receiving said extension at said controller when said 
ringing is monitored; and 

determining which cellular phone is associated with said 
extension and determining which one of said plurality 
of intelligent radio ports said associated cellular is 
currently registered to. 

18. The method of claim 17, further comprising the step 

of: 

processing said call as a wire-based call regardless of 
whether said call is answered via a wire -based tele- 
phone or a cellular phone coupled to an intelligent radio 
port. 

19. The method of claim 13, wherein said incoming call 
is an internal called, placed from a cellular phone coupled to 
an intelligent radio port, in which an extension is dialed, 
wherein said step of directing an incoming call comprises 
the step of: 

initiating a route request from an intelligent radio port 
coupled to a calling cellular phone to said controller; 

determining a mobile identification number associated 
with said dialed extension and forwarding said identi- 
fication number to said coupled radio port; 
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initiating ISDN call setup via said digital switch and 
simultaneotisly directing said internal call to a wire- 
based telephone corresponding to said dialed exten- 
sion; 

completing said internal call via one of said correspond- 
ing wire-based telephone and a cellular telephone 
coupled to an intelligent radio port associated with said 
dialed extension; and 

processing said internal call as a wire-based call regard- 
less of which telephone is used to answer said call, 

20. A method for providing telephone service in an 
environment that includes wire -based phone service and 
wireless phone service, said method comprising the steps of: 

directing an incoming call simultaneously to a wire-based 
telephone in said existing environment and to a digital 
switch in a microcell wireless network that causes 
ringing to occur at said digital switch when both said 
wire-based phone service and said wireless phone 
service are operational, said incoming call having a 
phone number associated with it; 

monitoring said digital switch by a controller; 



receiving said phone number at said controller when said 
ringing is monitored; 

determining which cellular phone is associated with said 
phone number and determining which one of a plurality 
of intelligent radio ports said associated cellular phone 
is currently registered to; 

directing said call from said digital switch to said asso- 
ciated cellular phone so that said call may be answered 
al either said associated cellular phone or said wire- 
based telephone transparently to a caller that placed 
said incoming call; 

operating said wireless phone service independently of 
said wire-based phone service if said incoming call is 
placed by dialing a mobile identification number; and 

operating said wire -based phone service independently of 
said wireless phone service if said incoming call is 
placed by dialing a wire -based telephone directory 
number. 

♦ * « * * 
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